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Ten-year trends in stroke admissions and
outcomes in Canada
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ABSTRACT: Background: We analyzed a 10-year stroke administrative dataset to examine trends in admissions, mortality, and
discharge destination in Canada. Methods: We conducted an analysis of hospital administrative data from April 1st 2003 to March 31st

2013 from the Canadian Institute of Health Information’s Discharge Abstract Database. Ten-year trends for population-based age- and sex-
standardized admission rates were calculated. We reviewed 10-year trends in absolute stroke admissions for differences between provinces
and age groups. Stroke 30-day in-hospital mortality rates were calculated and adjusted for sex, age, stroke type and comorbidities. We
documented changes in discharge location for ischemic and hemorrhagic stroke patients discharged from acute care. Results: The rate of
hospital admissions has declined from 140.2 to 117.5 (per 100,000 people). The number of absolute stroke admissions within provinces
increased in Alberta and British Columbia (21.7% and 16.2% respectively). The proportion of stroke patients aged 40-69 years old
increased by 4.8% (p< 0.0001) over the 10 years, whereas the proportion aged over 70 decreased by 4.9% (p< 0.0001). Risk-adjusted
30-day in-hospital mortality decreased from: 18.5% to 14.9% for all strokes; 15.2% to 12.1% for ischemic strokes; 35.6% to 29.7% for
intracerebral hemorrhage; and 25.1% to 18.0% for subarachnoid hemorrhage. The absolute increase in patients requiring inpatient and
outpatient support increased by 4% (p< 0.0001). Conclusion: The rate of admissions for stroke is decreasing but there is an increase in
stroke admissions for younger patients. In-hospital mortality is decreasing; fewer patients are going directly home without services and
more are requiring support services.

RÉSUMÉ: Tendances décennales des hospitalisations et des résultats concernant les accidents vasculaires cérébraux au Canada. Contexte: Nous
avons analysé les données administratives décennales des hospitalisations, de lamortalité et de la destination aumoment du congé hospitalier des patients atteints
d’accidents vasculaires cérébraux (AVC) au Canada.Méthode:Nous avons analysé les données administratives hospitalières du 1er avril 2003 au 31 mars 2013
contenues dans la base de données de l’Institut canadien d’information sur la santé. Nous avons calculé les tendances décennales pour les taux d’admission selon
la population, standardisés pour l’âge et le sexe. Nous avons revu les tendances des taux d’hospitalisation pour AVC pour détecter des différences entre les
provinces et les groupes d’âges. Les taux de mortalité hospitalière due à l’AVC dans les 30 premiers jours ont été calculés et ajustés pour le sexe, l’âge, le type
d’AVC et les comorbidités. Nous avons documenté les changements dans la destination au congé hospitalier pour les patients atteints d’un AVC ischémique et
d’un AVC hémorragique.Résultats: Le taux d’hospitalisation a diminué, passant de 140,2 à 117,5 (par 100,000 habitants). Le nombre absolu d’hospitalisations
pour AVC dans chaque province a augmenté en Alberta et en Colombie Britannique (21,7% et 16,2% respectivement). La proportion de patients de 40 à 69 ans
atteints d’un AVC a augmenté de 4,8% (p< 0,0001) au cours de ces 10 ans alors que la proportion de ceux de plus de 70 ans a diminué de 4,9% (p< 0,0001). La
mortalité hospitalière dans les 30 jours de l’admission, ajustée pour le risque, a diminuée de 18,5% à 14,9% pour tous les AVC ; de 15,2% à 12,1% pour les AVC
ischémiques; de 35,6% à 29,7% pour les hémorragies intracérébrales et de 25,1% à 18,0% pour les hémorragies sous-arachnoïdiennes. L’augmentation absolue
du nombre de patients nécessitant un soutien hospitalier et extrahospitalier a augmenté de 4% (p< 0,0001).Conclusion: Le taux d’hospitalisation pour AVC est
en décroissance, mais il y a une augmentation des admissions pour un AVC de patients plus jeunes. La mortalité hospitalière diminue; moins de patients
retournent directement à leur domicile sans services d’appoint et un plus grand nombre de patients a besoin de tels services.
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Stroke mortality is decreasing in Western European coun-
tries,1-4 the United States of America (USA)4 and globally.1 The
incidence of stroke is also declining or stable in the USA,6 China,8

Japan,9,10 Denmark,11 Finland,3 France,4 England12 and New
Zealand.13 Conversely, stroke mortality is increasing in Eastern
European and Central Asian countries.14 Stroke demographics are
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changing with the aging of western populations.15,16 Yet, stroke
continues to be a significant burden, as the second leading cause
of death worldwide.17 Not all stroke mortality data from these
studies are equivalent, as some used all-cause mortality per
100,000,1,5,6 others 28-day mortality after first stroke,3,4 and
others used 30-day, 1-year and 5-year mortality for first stroke
hospitalization.2 Where trends in mortality were reviewed by
stroke types, reductions in both ischemic and hemorrhagic stroke
mortality were observed.

Reduced rates of stroke in-hospital mortality may have an effect
on discharge destination, and consequently the need for support
services. For example, more patients may require inpatient rehabi-
litation or long-term care as more stroke patients are surviving.
Factors such as hospital type, patient demographics, and stroke type
have been shown to affect discharge destination.18,19 Trends in
discharge destination reflect improvement in acute stroke care but
suggest that rehabilitative services and long-term care will require
ongoing improvement to respond to an increase in demand.

Table 1: ICD-10 Codes Used

Acute Stroke Main Category+ ICD-10 codes Definition

Acute Ischemic stroke 163.xa Cerebral infarction

164.x Stroke, not specified as hemorrhage or infarction

H34.1 Central retina artery occlusion

Subarachnoid hemorrhage 160.xb Subarachnoid hemorrhage

Intracerebral hemorrhage 161.x Intracerebral hemorrhage

+Includes all patients where there is a Prefix Q for query or suspected diagnosis
aExcludes I63.6, cerebral infarction due to cerebral venous thrombosis, nonpyogenic
bExcludes I60.8, other subarachnoid hemorrhage (Meningeal hemorrhage and rupture of cerebral arteriovenous malformation)

Table 2: Absolute hospital admissions for stroke for Canada by Province

Province 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

All Strokes

Newfoundland 718 641 715 708 715 701 643 691 652 658

Prince Edward Island 227 192 183 160 183 177 189 187 179 218

Nova Scotia 1157 1211 1284 1042 1141 1198 1167 1286 1262 1253

New Brunswick 1153 1062 1131 1036 1028 998 959 1014 1003 1091

Quebec – – – – – 9007 8837 9194 9070 –

Ontario 14514 14408 14591 14221 14208 14241 14456 14779 14522 14873

Manitoba – 1503 1528 1408 1508 1463 1399 1474 1439 1523

Saskatchewan 1439 1428 1384 1483 1334 1376 1339 1330 1372 1358

Alberta 2966 2984 3071 3068 3037 3154 3158 3262 3565 3609

British Columbia 4857 5042 5014 4964 4828 5090 5049 5480 5570 5646

All Territories 43 50 65 48 60 68 78 68 48 66

Ischemic Stroke

Newfoundland 579 532 596 600 600 575 552 585 512 507

Prince Edward Island 203 176 155 137 166 158 160 171 167 195

Nova Scotia 980 1037 1087 862 965 995 975 1063 1055 1054

New Brunswick 998 913 938 849 832 822 786 831 789 887

Quebec – – – – – 7020 6812 7196 7052 –

Ontario 11806 11732 11809 11463 11421 11458 11530 11869 11658 11940

Manitoba – 1231 1273 1131 1221 1204 1130 1195 1161 1248

Saskatchewan 1257 1215 1170 1236 1150 1152 1128 1107 1145 1155

Alberta 2428 2417 2503 2482 2524 2518 2588 2695 2911 2966

British Columbia 3881 4016 3935 3938 3758 4024 4016 4345 4419 4479

All Territories 39 42 52 37 48 57 69 56 44 56
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We reviewed 10-year trends in stroke occurrence and mortality for
Canada. Specifically, we looked at stroke admissions across
Canada by province and age group and stroke admission rates for

all stroke types. We also separately reviewed 30-day in-hospital
mortality for all strokes, ischemic strokes, intracerebral hemorrhagic
strokes, and subarachnoid hemorrhagic strokes. We reviewed dis-
charge destination for all strokes, ischemic strokes and hemorrhagic
strokes discharged alive from acute care.

METHODS

We conducted an analysis of all stroke patients admitted to a
hospital for acute care in Canada. Data are from the Canadian
Institutes for Health Information (CIHI). The population of
Canada in 2013 was 35,158,304 compared to 31,641,630 in
2003.20 Canada has a universal healthcare system, where all
Canadian citizens and permanent residents have access to hospital
and physician care. Health services are administered by each of its
ten provinces and three territories. The CIHI’s Discharge Abstract
Database (DAD) contains demographic, administrative and clin-
ical data (including deaths, sign-outs and transfers) on all inpatient
hospital discharges. All hospitals in Canada (with the exception of
Quebec) are required to report to the DAD; Quebec reports their
data through a different process.21 Analysis of hospital chart
coding in teaching and community hospitals in Canada showed
excellent positive predictive value (85% for ischemic stroke, 98%
for intracerebral hemorrhagic stroke, and 91% for subarachnoid
hemorrhagic stroke) with a Kappa statistic (as a measure of
agreement between coder and researcher) of 0.89 for International

Table 2. Continued

Province 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

Intracerebral Hemorrhagic Stroke (ICH)

Newfoundland 98 77 83 75 78 87 66 72 92 114

Prince Edward Island 21 15 26 19 15 16 27 14 9 22

Nova Scotia 95 103 136 117 122 139 135 150 131 146

New Brunswick 98 107 140 131 140 122 129 139 155 147

Quebec – – – – – 1345 1413 1390 1405 –

Ontario 1982 1891 1902 1887 1940 1883 2047 1978 1971 2060

Manitoba – 180 172 179 204 166 169 181 183 182

Saskatchewan 126 141 163 172 129 153 144 159 158 141

Alberta 347 347 369 383 310 429 385 354 460 428

British Columbia 654 699 719 694 702 716 699 732 792 822

All Territories 1 2 7 6 8 5 3 8 1 4

Subarachnoid Hemorrhagic Stroke (SAH)

Newfoundland 41 32 36 33 37 39 25 34 48 37

Prince Edward Island 3 1 2 4 2 3 2 2 3 1

Nova Scotia 82 71 61 63 54 64 57 73 76 53

New Brunswick 57 42 53 56 56 54 44 44 59 57

Quebec – – – – – 642 612 608 613 –

Ontario 726 785 880 871 847 900 879 932 893 873

Manitoba – 92 83 98 83 93 100 98 95 93

Saskatchewan 56 72 51 75 55 71 67 64 69 62

Alberta 191 220 199 203 203 207 185 213 194 215

British Columbia 322 327 360 332 368 350 334 403 359 345

All Territories 3 6 6 5 4 6 6 4 3 6
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Figure 1: 10-year trends stroke admission risk adjusted rates (incidence
per 100,000 population) for all stroke, ischemic stroke, intracerebral
hemorrhagic stroke, and subarachnoid hemorrhagic stroke
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Table 3: Number (Percent) of Stroke Admissions per Age Group

AGE 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

00 to 01 20 (0.1%) 32 (0.1%) 34 (0.1%) 34 (0.1%) 32 (0.1%) 28 (0.1%) 38 (0.1%) 28 (0.1%) 15 (0%) 8 (0%)

01 to 19 80 (0.3%) 82 (0.3%) 94 (0.3%) 80 (0.3%) 88 (0.3%) 118 (0.3%) 107 (0.3%) 105 (0.3%) 92 (0.2%) 63 (0.2%)

20 to 29 108 (0.4%) 137 (0.5%) 138 (0.5%) 144 (0.5%) 181 (0.6%) 229 (0.6%) 191 (0.5%) 185 (0.5%) 200 (0.5%) 176 (0.6%)

30 to 39 372 (1.4%) 406 (1.4%) 481 (1.7%) 392 (1.4%) 375 (1.3%) 558 (1.5%) 517 (1.4%) 527 (1.4%) 541 (1.4%) 430 (1.4%)

40 to 49 1172 (4.3%) 1374 (4.8%) 1476 (5.1%) 1441 (5.1%) 1470 (5.2%) 1866 (5%) 1918 (5.1%) 1988 (5.1%) 1912 (4.9%) 1387 (4.6%)

50 to 59 2557 (9.4%) 2766 (9.7%) 2994 (10.3%) 2850 (10.1%) 2974 (10.6%) 4086 (10.9%) 4174 (11.2%) 4445 (11.5%) 4459 (11.5%) 3595 (11.9%)

60 to 69 4380 (16.2%) 4467 (15.7%) 4516 (15.6%) 4626 (16.4%) 4768 (17%) 6620 (17.7%) 6545 (17.6%) 6992 (18%) 7133 (18.4%) 5563 (18.4%)

70 to 79 8134 (30%) 8447 (29.6%) 8191 (28.3%) 7661 (27.2%) 7598 (27.1%) 10066 (26.9%) 9700 (26%) 9948 (25.7%) 9771 (25.3%) 7499 (24.8%)

80 to 89 8222 (30.4%) 8704 (30.5%) 8833 (30.5%) 8714 (31%) 8383 (29.9%) 11003 (29.4%) 11135 (29.9%) 11304 (29.2%) 11243 (29.1%) 8852 (29.2%)

90 + 2029 (7.5%) 2106 (7.4%) 2209 (7.6%) 2196 (7.8%) 2173 (7.7%) 2899 (7.7%) 2949 (7.9%) 3243 (8.4%) 3316 (8.6%) 2722 (9%)

Total 27074 28521 28966 28138 28042 37473 37274 38765 38682 30295

All Stroke p

00 to 39 580 (2.1%) 657 (2.3%) 747 (2.6%) 650 (2.3%) 676 (2.4%) 933 (2.5%) 853 (2.3%) 845 (2.2%) 848 (2.2%) 677 (2.2%) 0.128

40 to 69 8109 (30%) 8607 (30.2%) 8986 (31%) 8917 (31.7%) 9212 (32.9%) 12572 (33.5%) 12637 (33.9%) 13425 (34.6%) 13504 (34.9%) 10545 (34.8%) < 0.0001

Over 70 18385 (67.9%) 19257 (67.5%) 19233 (66.4%) 18571 (66%) 18154 (64.7%) 23968 (64%) 23784 (63.8%) 24495 (63.2%) 24330 (62.9%) 19073 (63%) <0.0001

Ischemic Stroke p

00 to 39 321 (1.4%) 384 (1.6%) 408 (1.7%) 395 (1.7%) 382 (1.7%) 529 (1.8%) 503 (1.7%) 486 (1.6%) 498 (1.6%) 419 (1.7%) 0.563

40 to 69 5967 (26.9%) 6272 (26.9%) 6582 (28%) 6524 (28.7%) 6814 (30%) 9235 (30.8%) 9229 (31%) 9963 (32%) 10048 (32.5%) 7906 (32.3%) <0.0001

Over 70 15883 (71.6%) 16655 (71.4%) 16528 (70.3%) 15816 (69.6%) 15489 (68.3%) 20219 (67.4%) 20014 (67.3%) 20664 (66.4%) 20367 (65.9%) 16162 (66%) <0.0001

Intracerebral hemorrhagic Stroke p

00 to 39 122 (3.6%) 130 (3.6%) 170 (4.6%) 131 (3.6%) 136 (3.7%) 165 (3.3%) 176 (3.4%) 186 (3.6%) 157 (2.9%) 124 (3%) 0.002

40 to 69 1158 (33.8%) 1211 (34%) 1264 (34%) 1212 (33.1%) 1253 (34.3%) 1739 (34.4%) 1831 (35.1%) 1792 (34.6%) 1862 (34.8%) 1497 (36.8%) 0.003

Over 70 2142 (62.6%) 2221 (62.4%) 2283 (61.4%) 2320 (63.3%) 2259 (61.9%) 3157 (62.4%) 3210 (61.5%) 3199 (61.8%) 3338 (62.3%) 2445 (60.1%) 0.084

Subarachnoid hemorrhagic Stroke p

00 to 39 137 (9.3%) 143 (8.7%) 169 (9.8%) 124 (7.1%) 158 (9.2%) 239 (9.8%) 174 (7.5%) 173 (7%) 193 (8%) 134 (7.7%) 0.006

40 to 69 984 (66.4%) 1124 (68.2%) 1140 (65.9%) 1181 (67.9%) 1145 (67%) 1598 (65.8%) 1577 (68.2%) 1670 (67.5%) 1594 (66.1%) 1142 (65.6%) 0.481

Over 70 360 (24.3%) 381 (23.1%) 422 (24.4%) 435 (25%) 406 (23.8%) 592 (24.4%) 560 (24.2%) 632 (25.5%) 625 (25.9%) 466 (26.8%) 0.012
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Statistical Classification of Diseases and Related Health Problems,
10th Revision (ICD-10) coding.22

We used hospital administrative data from April 1st 2003 to
March 31st 2013 from the DAD. All acute care facilities in all
Canadian provinces contributed to the DAD with the exception of
Manitoba (began in April 1st 2004) and Quebec (began in fiscal
year 2008/09, ended in 2011/12). Therefore, all stroke patients
admitted to hospital for acute care in Canada from April 1st 2003
to March 31st 2013 were included except for Manitoba and
Quebec, who contributed only partially based on the above
participation periods. Stroke patients were identified in our ana-
lysis using standardized case definitions based on ICD-10 codes
for acute stroke, acute stroke plus transient ischemic attach (TIA),
ischemic stroke, aneurysmal subarachnoid hemorrhage, and
intracerebral hemorrhage. [Table 1]

Stroke admission rates were calculated and standardized using
the direct method to the Canadian census. Ten-year trends
were assessed using standardized rates. We used the Canadian
census data (2001, 2006 and 2011) to estimate the population of
2003-2005, 2007-2010, and 2012; and adjusted 2011 data as the
standard population. Stroke in-hospital mortality was defined as
the risk-adjusted rate of all-cause in-hospital death occurring
within 30 days of first admission to an acute care hospital with a
diagnosis of stroke. Specifically, the numerator is the number of
deaths from all causes occurring in hospital within 30 days of
admission for stroke and the denominator is the total number
of stroke episodes.23 We included stroke that occurred during
hospitalization as a complication of hospital admission for another
reason. Risk-adjusted rates were adjusted for age, sex, stroke type
(ischemic vs. hemorrhagic) and comorbid illness defined by the
Charlson-Deyo index (0-1 vs. 2+). Discharge location categories
are: home without services; home with services; inpatient reha-
bilitation or other acute care facility; complex continuing care;
long term care; and other. All statistical comparisons were done

using Cochran-Armitage Trend Test via SAS 9.3 (SAS Institute
Inc., Cary, NC, USA).

RESULTS

Stroke Admissions

We identified 323 230 stroke hospital admissions in Canada
fromApril 2003 toMarch 2013. Table 2 shows the absolute stroke
(all), ischemic stroke, intracerebral hemorrhage, and subarachnoid
hemorrhage admissions in Canada over 10 years for each province.
We note that absolute numbers of stroke admissions were stable or
declining in most provinces except Alberta (AB) and British
Columbia (BC), where an increase in stroke numbers was observed.
In relative terms, there was an increase in stroke admissions in those
provinces of 21.7% (AB) and 16.2% (BC). Similar trends were
observed for ischemic stroke admissions with an increase of 23.3%
in AB and 15.4% in BC. For intracerebral hemorrhage, increases
over the 10-year period were present for all provinces with increa-
ses ranging from 50% (New Brunswick) to 4% (Ontario). For
subarachnoid hemorrhage, increases were present in Ontario
(20.2%), Saskatchewan (10.7%), AB (12.6%), and BC (7.1%).

Figure 1 shows the standardized risk-adjusted rates of stroke
admissions over the 10-year period. The standardized rate of
ischemic stroke admissions has dropped by 17.7%. However, the
rate of intracerebral hemorrhage and subarachnoid hemorrhage has
dropped much less dramatically (10.0% and 7.9% respectively).

A higher proportion of admitted stroke patients were in
younger age groups in 2012 compared to 2003 (Table 3). Stroke
(all) and ischemic stroke in patients aged less than 40 years old has
been stable. For patients aged between 40 and 69, the absolute
increase for all strokes was 4.8% (p< 0.0001) and for ischemic
strokes, 5.4% (p< 0.0001). For patients 70 years old and older,
the absolute decrease for all strokes was 4.9% (p< 0.0001) and for
ischemic strokes, 5.6% (p< 0.0001). The changes for intracerebral
hemorrhage and subarachnoid hemorrhage were less dramatic.

In-hospital Mortality

We observed a decline for in-hospital 30-day mortality for all
stroke patients (Figure 2). For all stroke patients, mortality fell
between 2003 to 2012 from 18.5% (95% CI: 18.1%-18.9%) to
14.9% (95% CI: 14.4%-15.2%). For ischemic stroke, it went
down from 15.2% (95% CI: 14.8%-15.7%) to 12.1% (95% CI:
11.7%-12.5%). For intracerebral hemorrhage, mortality fell from
35.6% (95% CI: 34.1%-37.1%) to 29.7% (95% CI: 28.3%-31.1%).
For subarachnoid hemorrhage, mortality dropped from 25.1% (95%
CI: 23.0%-27.2%) to 18.0% (95% CI: 16.1%-19.8%).

Discharge Destination

The discharge destination for all stroke patients discharged
alive from acute care is shown in Table 4. For ischemic stroke
patients, the following changes were observed: an absolute
decrease in the percent of patients discharged home without ser-
vices by 3.2% (p= 0.0463); an absolute increase in the percent
discharged home with services by 2.6% (p< 0.0001); an absolute
increase in the percent of patients discharged to another inpatient
acute care facility including inpatient rehabilitation by 5.6% (both
p< 0.0001), an absolute decrease in the percent being discharged
to complex continuing care by 0.9% (p< 0.0001) and long term
care by 1.9% (p< 0.0001). For hemorrhagic strokes, the following
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Figure 2: 10-year trends for 30-day in-hospital risk adjusted mortality
rate (death per 100 admitted stroke patients) for all stroke, ischemic
stroke, intracerebral hemorrhage, and subarachnoid hemorrhage.
Error bars represent 95% Confidence Interval.
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Table 4: Number (percent) of Stroke patients discharged alive to a specific destination from an acute care hospital

Year 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 p

ALL STROKE

Home without Services 9002 (41.8%) 9390 (41.1%) 9267 (39.5%) 8643 (38.2%) 8905 (39.6%) 12758 (42.1%) 12844 (42.2%) 13357 (42%) 13581 (42.3%) 9810 (38.7%) <0.0001

Home with Services 2129 (9.9%) 2340 (10.2%) 2707 (11.5%) 2651 (11.7%) 2641 (11.8%) 3553 (11.7%) 3645 (12%) 3696 (11.6%) 3707 (11.6%) 3092 (12.2%) <0.0001

Inpatient Rehabilitation &
other acute facility

5990 (28.8%) 6815 (29.9%) 7004 (29.8%) 6960 (30.8%) 6961 (30.9%) 8982 (29.6%) 9028 (29.7%) 9832 (30.9%) 10046 (31.5%) 8578 (33.9%) <0.0001

Complex Contin. Care 1444 (6.7%) 1496 (6.5%) 1659 (7.1%) 1636 (7.2%) 1540 (6.9%) 1604 (5.3%) 1673 (5.5%) 1630 (5.1%) 1537 (4.8%) 1543 (6.1%) <0.0001

Long Term Care 1857 (8.6%) 1955 (8.6%) 1960 (8.4%) 1879 (8.3%) 1725 (7.7%) 2722 (9%) 2584 (8.5%) 2653 (8.3%) 2604 (8.1%) 1681 (6.6%) <0.0001

Other 915 (4.2%) 857 (3.7%) 852 (3.7%) 806 (3.7%) 704 (3.2%) 721 (2.3%) 630 (1.7%) 606 (1.9%) 613 (2.0%) 615 (2.5%) <0.0001

ISCHEMIC STROKE

Home without Services 7795 (42.6%) 8151 (42%) 7916 (40.1%) 7345 (38.8%) 7524 (39.9%) 10766 (42.7%) 10881 (43.1%) 11306 (42.7%) 11435 (43%) 8322 (39.4%) 0.0463

Home with Services 1909 (10.4%) 2079 (10.7%) 2416 (12.2%) 2393 (12.6%) 2370 (12.6%) 3159 (12.5%) 3231 (12.8%) 3290 (12.4%) 3274 (12.3%) 2741 (13%) <0.0001

Inpatient Rehabilitation &
other acute facility

4890 (26.7%) 5449 (28.1%) 5521 (28%) 5450 (28.8%) 5547 (29.4%) 7001 (27.8%) 6962 (27.6%) 7719 (29.2%) 7837 (29.5%) 6825 (32.3%) <0.0001

Complex Contin. Care 1288 (7%) 1295 (6.7%) 1436 (7.3%) 1398 (7.4%) 1318 (7%) 1331 (5.3%) 1404 (5.6%) 1373 (5.2%) 1293 (4.9%) 1284 (6.1%) <0.0001

Long Term Care 1661 (9.1%) 1738 (9%) 1754 (8.9%) 1661 (8.8%) 1525 (8.1%) 2350 (9.3%) 2249 (8.9%) 2273 (8.6%) 2204 (8.3%) 1475 (7%) <0.0001

Other 764 (4.2%) 705 (3.6%) 683 (3.5%) 689 (3.6%) 591 (3.1%) 594 (2.4%) 522 (2.1%) 505 (1.9%) 523 (2%) 494 (2.3%) <0.0001

HEMORRHAGIC STROKE (ICH and SAH)

Home without Services 1207 (37.4%) 1239 (36.1%) 1351 (36.3%) 1298 (35.4%) 1381 (38.4%) 1992 (38.8%) 1963 (38.1%) 2051 (38.6%) 2174 (39.1%) 1512 (35.9%) 0.0249

Home with Services 220 (6.8%) 261 (7.6%) 291 (7.8%) 258 (7%) 271 (7.5%) 394 (7.7%) 414 (8%) 406 (7.6%) 436 (7.8%) 354 (8.4%) 0.0214

Inpatient Rehabilitation &
other acute facility

1300 (40.2%) 1366 (39.8%) 1483 (39.8%) 1510 (41.2%) 1414 (39.3%) 1981 (38.5%) 2066 (40.1%) 2113 (39.8%) 2220 (39.9%) 1758 (41.7%) 0.4496

Complex Contin. Care 156 (4.8%) 201 (5.8%) 223 (6%) 238 (6.5%) 222 (6.2%) 273 (5.3%) 269 (5.2%) 257 (4.8%) 244 (4.4%) 260 (6.2%) 0.056

Long Term Care 196 (6.1%) 217 (6.3%) 206 (5.5%) 218 (5.9%) 200 (5.6%) 372 (7.2%) 335 (6.5%) 380 (7.2%) 400 (7.2%) 206 (4.9%) 0.1809

Other 151 (4.7%) 152 (4.4%) 169 (4.5%) 147 (4%) 113 (3.1%) 127 (2.5%) 108 (2.1%) 101 (1.9%) 90 (1.6%) 122 (2.9%) <0.0001
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changes were observed: an absolute decrease in the percent dis-
charged home without services by 1.7% (p= 0.0249), and an
absolute increase in the percent discharged home with services of
1.6% (p= 0.0214).

DISCUSSION

Ten-year trends for hospitalized stroke patients in Canada
show that absolute stroke admissions are not equal across pro-
vinces. When looking at absolute numbers, those provinces that
have had large increases in population are shouldering a stark
increase in ischemic stroke admissions; this has implications if
funding for stroke services does not match the demands of
population increases. When taking population increases into
account, standardized risk adjusted admission rates have been
decreasing for ischemic stroke but the decrease is much less
dramatic for intracerebral and subarachnoid hemorrhage. This
finding is somewhat similar to an earlier Quebec study (trends
from 1990-2005) where ischemic stroke admissions in Quebec
were declining but hemorrhagic stroke admissions were increas-
ing24 - in contrast we saw a very slight decline in hemorrhagic
stroke admissions. This decrease in stroke admission rates may be
due to better hypertension control,25 improved stroke prevention
strategies, more proactive secondary prevention through the
implementation of stroke prevention clinics across Canada or
other unmeasured factors. The decline in stroke rates and case
fatality and the relative increase in younger strokes can be
explained in part by Ontario data on trends in risk factors and
stroke subtypes,26 which showed a relative increase in cardio-
embolic stroke due to a decrease in large artery stroke and small
vessel disease.

The distribution of age groups of stroke admissions is chan-
ging and is likely associated with the increasing age of the baby
boomer cohort. The proportion of ischemic stroke patients aged
40-69 years old is increasing, and the proportion aged 70 and
older is decreasing. A shift to a younger age group was also
observed for intracerebral hemorrhagic stroke, where the propor-
tion of patients in age groups under 40 and between 40 and
69 years old is increasing. An increase in the younger stroke
victims, who are at the peak of their career and active role in
society, will have greater indirect socioeconomic consequences in
lost wages and increased costs of caring for younger disabled
adults, despite a declining age-adjusted rate overall.

Similar to the findings from the USA and Western European
countries,1-4 stroke mortality was lower in Canada in 2012 com-
pared to 2003. This holds true for ischemic stroke, intracerebral
hemorrhage, and subarachnoid hemorrhage. The decrease in
mortality can be attributed to better specialized medical care,
prevention of secondary complications, and the implementation of
in-hospital stroke units. However, the decline in mortality may
translate into an overall increase in the number of patients with
substantial functional deficits. When we reviewed trends in dis-
charge destinations for stroke patients discharged alive from acute
care, we observed a decrease in the percentage of ischemic and
hemorrhagic stroke patients going home without services. There is
an increase in ischemic stroke patients going to inpatient rehabi-
litation or other acute facilities, and ischemic and hemorrhagic
stroke patients going home with services. However, there is a
slight decrease observed in ischemic stroke patients going to
complex continuing care and long-term care. The increase in

patients going home with services (outpatient) and to inpatient
rehabilitation or another acute care institutions is proportionate to
the drop in in-hospital mortality, possibly suggesting that a
decline in in-hospital mortality is contributing to the increased
need for post-acute stroke services. Therefore, although more
patients are surviving their stroke, the need for rehabilitation ser-
vices is increasing.

Limitations

Our data uses only hospital administrative data, so it excludes
patients who were never admitted to hospital, (mostly patients
with milder strokes), as the number of stroke patients that die
before they reach the hospital is small.27 Hospital administrative
data is subject to differences in reporting, and despite rigorous
abstraction processes, variation in reporting may still be present.
Data from Quebec and Manitoba do not include the entire 10-year
study period, so we are not reporting the entire 10-year period
occurrence across Canada. The use of hospital administrative data
requires that we include strokes that were coded as Stroke, not
specified as hemorrhage or infarction with acute ischemic
strokes. We acknowledge that this does present some error;
however, over 80% of all strokes are ischemic strokes and, typi-
cally, an ischemic stroke is most often referred to as stroke gen-
erally for the small fraction that were coded as not specified.

CONCLUSIONS

Ten-year stroke trends in Canada show that admission rates
and in-hospital mortality are declining. However, those provinces
that are experiencing the largest population growths are shoul-
dering a greater proportion of stroke admissions. This is observed
for the two western provinces: Alberta and British Columbia.
Furthermore, the proportion of stroke admissions by age groups is
showing a significant increase for those patients aged 40-69 and a
significant decrease for those patients aged over 70. The decrease
in mortality may also be contributing to more patients requiring
inpatient and outpatient services.
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